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SUMMARY 

The results of an investigation in the Langley full-scale  tunnel of the 
s ta t ic   longi tudinal   s tabi l i ty  and control of a convertible-type  airplane 
(combination  helicopter and airplane) as affected by articulated- and by 
rigid-popeller  operation are presented in  this paper. The investigation 
included  force measurements fo r  a very  large  angle-of-attack  range (*am 12O 
t o  900) of the model with  the  a l lmvable   horizontal   ta i l   Fnstal led and 
removed.  The flight attitudes  investigated  inciude narrmal-flight  conditio- 
w i t h  f u l l  power applied and the convertible-flight regime at high angles of 
attack  including  the  transit ion  to  the hovering  condition. The effects of 
ailavator and stabil i ty-flap  deflection on control-surface  effectiveness and 
on hinge moments were determined. The-effects of pope l l e r  slipstream on the 
ailavator  effectiveness at a static condition and at an angle of attack of goo 
for low relative  velocity  conditions w e r e  a lso determined. 

The results Show tha t  the destabil izing  effect  of propeller  operation 
wa8 more wonounced for rigid-propeller  operation  than  for  articulated- 
propeller  operation  became of the  reduction i n  propeller no r "  force and 
the  incremmt of positive  pitching moment due to   propel ler .ar t iculat ion.  The 
airplane  for  full-power  operation has a pos i t ive   s ta t ic  margin awrage of 
about 5 .percent for  articulated-propeller  operation and  about 3 percent  for 
rigid-popeller  operation over most of the  l i f t -coeff ic ient  range frm 0.50 
(a. = 11.20) t o  about 1.90 (a = 29.0°). The all-movable  horizontal t a i l  is  
suff ic ient ly  powerful t o  t r i m  the air-plane throughout the l i f t -coef f ic ien t  
range (from 0.50 t o  1.80) for full-parer  operation,  although  comiderably 
less deflection is required for trim with  rigid-propeller  operation. The 
destabilizing effect of full-power operation at moderate angles of attack 
was  more pronounced for  rigid-propeller  operatian. .. Full-power operation 
caused an increase in  the ailavator  effectiveness *am -0.0050 per degree 
at a l i f t  coefficient of 0.48 (a = I". 3O) t o  -0.0092 per  degree at a lift 
coefficient of 1.84 (a = 29.0°) with  articulated-propeller  operation. The 
effectiveness, however, was essentially  constant at a value of about -0.0057 
per degree  throughout th:e l if t-cpefficient  range with rigid-propeller 
operation. Full-power operation  for  both  articulated- and rigid-wopeller 

I operation  increased the slope of the l i f t  curve t o  about 0.068 and 0.070 
per degree, respectively, aa canpared with the propeller-removed  value of 
about 0.032 per  degree. The a i r p l a n e  can be trFmmed with  ailavators  alone 
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in  the  high  angle-of-attack  range up t o  6oo for  ri@d-propeller oper- 
ation. no trim p o h t  is indicated, however, f o r  any of the  conditions 
for  articulated-propelhr  operation. The results of the ailavator- 
effectiveness tests show that   the   a i lavators  have a high  degree of 
effectiveness  for the zero-velocity  condition. For the condition 
at an angle of  attack of goo with a forward velocity of 22.5 miles 
pey hour, the  data  indicate that very l i t t l e ,  if any, of the propeller 
slipstream passes over  the tail; however, the  forward  velocity is 
considerably Larger than would be expected f o r  an ac tua l   f l igh t  con- 
di t ion.  The s t ab i l i t y   f l ap  can be used as a trlmning  device fo r   t he  
nomnal-flight  attitudes; however, in the transition  range the effective- 
ness is insufficient f o r   t r b n i n g .  

IXCRODUCTION 

e 

Considerable interest has been shown . recently i n  the convertible- 
type  airplane  (canbination  helicopter and airplane) as a possible means 
of combining p r a c t i c a l   f l i g h t   a t  very low speeds with  eff ic ient   f l ight  
a t  moderately  high speeds. For .the very low-speed regime, there   are  
nmrouB  Inherent aer-o problems associated with s t ab i l i t y  and 
control   for  which there exists very l i t t l e  informatian a t  the present 
the. Therefore, a s  a part of a general  investigation in the Langley 
ful l -scale  tunnel of a convertible-type  airplane, tests have been 
conducted t o  determine the low-speed s ta t ic   longi tudina l   s tab i l i ty  and 
control  characterist ics of a proposed mllltary airplane desi-ed f o r  
operation  over a very wide angle-of-attack  range.  fhie  airplane has an 
almost c i rcular  plan form with large diameter art iculated  propellers 
located ahead  of the wing tip. An all-momble harizontal tail (allavators) 
is used t o  obtain both longitudinal and lateral control. . A limited 
analysis   of- the power requirements of the subject  airplane  for lox-speed . 

conditions  along  with  pertinent  propeller-removed data a s  obtained  from 
previous wind-tunnel tests a re  given in reference 1. 

It w a s  expected that propell= operation at high angles of 
attack would contribute large unstable pitchingPumnsnt increments. 
One objective in  the use of articulated propellers wae t o  provide 
a decrease i n  the  propeller  normalforce as campared with that 
for conventional  propellers and thus improve the airplane longitudinal 
s tabi l i ty   character is t ics .  Accordingly, it was planned, wherever 
possible,  to  provide camparisom  of t h e  effects of art iculated- 
propeller and rigid-propeller  (conventional)  operation on the s t ab i l i t y  
and control  characterist ics.  

The results of the  current investigation  given  herein  include force 
measurements on the model  obtained for a verg large angle-of-attack range 
(frcan 120 t o  900) for conditions  with  the  p?opellers removed and operating 
-and with the all-movable  horizontal t a i l  imtalled and removed. 
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The  effects of ailavator and stability-flap  deflection on control-surface 
effectiveness  and  hinge  Imments were also  determined. The effects  of 
propeller  articulation on the  static  longitudinal  stability  and  control 
were  determined  from  tests  with  articulated-  and with r.i@d-propeller 
operation.  Tests  were a l so  made  of  the  model  to  determine the effects 
of  propeller  slipstream on the  ailavator  effectiveness for the  static 
condition  and a lso  at an angle of attack of goo for low relative  velocity 
c a t  ions. 

The  results  of  the  teste  are  presented  as  standtird NACA Coefficients 
of forces  and momnts. The dah are  referred to a system of axes  coin- 
ciding  with the wind axes. The pitching-moment  coefficients  are  given 
about a center-of-gravity  position  located  at a point on the  root  chord 
projected  into  the  plane  of  symmetry  from 26.3 percent  of  the mean 
aerodynamic chord. 
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lift  coefficient (Lift/@) 

pitching-moment  coefficient (M/qSZ) 

resultant  drag  coefficient (%/qs) 

hinge-mament  coefficient (H/qb IC '2) 

torque  coefficient (@&) 

propeller  blade-section  desi@  lift  coefficient 

free-stream m c  pressure bV2 
(2 ) 

velocity 

wing area; 47 -444 square  feet on model 

mass density of air 

angle  of  attack  of thrwt axis  relative to free-stream 
direction,  degrees 

uncorrected angle of  attack 

mean  aerodynamic  chord; 6.6l feet on model 

resultant drag with  propellers  operating 
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pitching  moment 

effective  downwash  angle,  degrees 

propeller  advance-diameter ratio 

propeller  diameter; 5.33 &et on model 

torque  per  propeller 

propeller-blade angle measured  at 0.70 radius,  degrees 

prppaller-blade angle measured  at any radius,  degrees 

radius  at any propeller-blade  section 

propeller-tip radiw . . .. 

fraction of propeller-tip  radius (rh) 
propeller -blade chord 

propeller-blade-section maximum thickness 

hinge  moment--of  control  surface 

root-mean-square  chord  of a control  surface  behind 
hinge line 

control-surface  span  along  hinge  lFne 

control-surface  deflection,  degrees 

rate of change of gitching-moment  coefficient  per 
degree of control-surface  deflection 

rate of change  of  hinge-moment  coefficient  per 
degree  of  control-surface  deflection 

Subscripts: 

a ailavator 

f stability  flap 

P propeller .. 
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t all-movable  horizontal tail 

The configuration  tested was the &-soale model of a convertible- 
3 

tspe  airplane. The description of the model and the  tunnel  support 
arrangament are given in reference 1. A three-view drawlng of the model 
and its geometric characterist ics  are given in figure 1. Photographs of 
the model mounted In the Langley full-scale  tunnel are given  a8 figure 2. 

The model was powered  by a 200-horsepower, water-cooled, e lec t r ic  
Fnduction  motor.  This motor was submerged, spanwise, in the model; 
and power was transmitted f’rm the motor to  the  propellers by means of 
extension shafts t h r o w  right-angle gear dr ives   a t  the wing t i p s .  
The propel ler   instal la t ion  a t  each wing t ip   consis ts  of 2  two-blade 
propellers mounted Fn tandem so a8 t o  form a four-blade configuration. 
These tandem propellera  rotated in the same direct ion,   but the pro- 
p e l l e r s   a t  each wing t ip   ro ta ted  upward a t  the wlng center  section. 

The propeller  blades  mre free t o   f l ap   fo re  and aft loo from the 
perpendicular to  the  propeller axis as  they  rotated. The blades of 
each propeller were so interconnected  that  as one blade  flapped  forward 
the opposite  blade  flapped  rearward. In &dation, as a blade  flapped 
forward the propeller-hub mechanism cawed the blade pitch  angle  to 
decrease, and conversely, as  the  blade  flapped  rearward the pitch angle 
was increased. This load-reliev’ing mechanism was believed  necessary by 
the airplane designer a s  t h e  resu l t  of an analysie which included 
considerations of propeller  stability,  blade  loads, and uniformity of 
disc-thrust  loading. The propeller-blade plan-form  curves are given 
in figure 3. For  the  rigid-propeller tests the  blades were locked 80 

tha t  there WBS no blade  flapping. 

The propeller  torque was determined fromthe  calibration of motor 
torque a6  a function of mum input current  to  the motor. 

S tab i l i ty   f laps  are provided (see f i g .  I} f o r  the purpose of 
t r h n l n g  out most qf  the  destabilfzhg  pitching moment due t o  pro- 
peller  operation. 

The mixable control  surfabes on the model  were hydraulically 
actuated by remote control.  Electrical  position  indicators and 
s t ra in  gages were used t o  measwe the control-surface  deflections and 
hinge moments, respectively. The s t ra in  gages were located only on 
the right-hand  surfaces. 
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Force tests were made of the model f o r  a range of angles of attack 
from Eo t o  goo and for  tunnel  velocit ies from about 23 t o  55 miles 
per  hour. .. . . " . - . . . . . 

Inawnuch as   the  effects  of propeller  operation on the lift of the 
subject  airplane  are  large,  especially a t  the higher angles of attack, 
the  determination of the  propeller-operating  c&tions  for  shulated 
full-power  operation required the  duplication of .tihe correct  blade 
angle and  advance r a t io  in addition t o  the  torque  coefficient. The 
methods used t o  obtain  these  propeller-operating  conditions  are 
described in reference 1. The three  attitudes  investigated  are shown 
in figure 4, both  for  articulated- and rigid-propeller  operation. The 
propeller-blade-angle  settings of figure 4 are.10 less than those 
given in reference 1 because of a correction found necessary in the 
blade-angle mea~uring device. 

Tests w e r e  made vith  art iculated an& rigid  propellers  at  each of 
the propeller-operating  conditione  with  the  all-movable  horizontal t a i l  
installed and rmuved. For, the tests with the all-movable  horizontal t a i l  
removed the angle of attaok,  propeller-blade  angle, and propeller 
advance-diameter r a t io  used were the same as  those used with t h e   t a i l  
FnstaUsd,  resulting Fn close  elmulation of the full-power operating 
conditione. 

The ailavatar and stability-flap-effectivenese tmts were made 
a t  angles of attack of ll.3O, 23.1°, and 29.0' for sFmulated full- 
parer  operation. Similar t e s t e  were made at kigh angles of attack 
for  conditione of eteady, unaccelerated  flight (c% = 0) as deter- 

mined frm reference 1 and f r a m  thrust calibrations. The ailavator- 
effectlvenese  tests w e r e  made for articulated- and rigid-propeller I 

operation; whereas, the stabflity-flap-effectfvenese tests were made 
only for articulated-propeller  operation. Far the ailavatar-effective- 
ness tests  the  ailavatars were deflected through  a range *am -48O 
t o  bo with Bf = 0. For the  stability-flap-effectiveness tests the 
s t ab i l i t y  n a p e  were deflected through  a range from -16O t o  30'. For 
the stability-flap-effectivenees tests at angles of attack of 11.30, 
23.1°, and 29.0°, .the allavatars were set  for trim. A t  the  higher 
angles of attack,  the  allavators were set at the I ,. . f  deflection 
of -480, inasmuch ELE the ailetvator tests  indicated that; the model  could - 

not be trimmed at these  attitudes. Hinge maments of only the  right-hand 
control surfaces were recorded. 

. .. 
- 

r 



Tests were made at a n  angle of attack of goo t o  determine the  effects 
of propeller  operation on the  ailavatcr-control  effectiveness fw- lm 
forward velocity  conditions. For the low-speed condition,  the  tests were 
made at a tunnel  velocity of appoximately 22.5 ldiles per hour with propellers 
removed and for  propeller  operation at maxlmm thrust as  l imited by a maximum 
allowable propeller speed of 25OO rpn. The static t e s t  was made w i t h  the 
propellers  operating at 2500 rpn. For these  tests  the  aila-vators were 
deflected through a range f rcm -48' t o  8O with Ef = Oo. Ilinge moments of 
only  the  right-hand  ailavator were recorded. . 

Tests were attempted i n  order to determine, i f  possible, the 
s t ab i l i t y  and control  characteristics of the model in   a t t i tudes  repre-  
senting  vertical  descent; however, the tests were terminated  before 
any data were recorded due t o  excessive  vibration of the model in the 
a i r  stream. 

The presentation of the t e s t  results and the analysis of the 
data have  been  grouped irrh two main sections. The first section 
deals with the  s ta t ic   longi tudinal   s tabi l i ty  and control  character- 
i s t i c s  of the airplane for  normal-flight  attitudes with full 
power applied. These results are  given in  the summary curves of 
figures 5 t o  14 which are  derived frm the original  test data 
presented in figurea 15 t o  18. The second section  presents results 
f o r  the  s ta t ic   longi tudinal   s tabi l i ty  and the control-surface- 
effectiveness  tests for the airplane in  the convertible-flight regime 
a t  high  angles.of  attack  including  the  transition  to  the  hoverlng 
condition  (figs. 19 t o  22). Wherever possible t h e  comprisons of the 
effects of articulated- and rigid-propeller  operation on the   s tab i l i ty  
and control  characteristics  are  included. 

The data have  been corrected f o r  stream  alinament,  blocking, 
and jet-boundary effects .  N o  tare corrections were applied to the 
data f o r  the effects of the  support  strut; however, it is f e l t   t h a t  
these effects would produce no s i g i f i c a n t  change Fnthe s t ab i l i t y  
characteristics. 

Static  Longitudinal  Stability and Control a t  Normal-Flight Attitudes 

Longitudinal  stabilitx.- The s ta t ic   longi tudinal   s tabi l i ty  of the 
airplane is described by the  stick-fixed  neutral-point  curves of 
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figure 6 which were determFned from the.cumes of  figure 3 by method 1 
of reference 2. In general,  for  the  normal  center-of-gravity  location 
at 26.3 hercent.of  the mean aerodpamtc chord, there is a positive 
static margin average of  about 5 percent  for  articulated-propeller 
operation and about 3 percent f o r  rigid-propeller  operation mer most 
of  the  lift-coefficient range from 0.50 to 1.w. At the highest  lift 
coefficient  measured  (CL lag), however,  there  is no appreciable 
difference in the  stick-fixed  stability  between  the  two  modes of 
propeller  operation. A6 explained in more  detal1 later-in  the  paper, 
the  greater  stability  of  the  airplane  for  articulated-propeller  operation 
can be attributed to the  reduction.in  the  deEtabilizing  propeller normal 
force for  this-mode of propeller  operation. 

An indication of the  stick-free  stability of- the  airplane  given . 
by the  variation of the  pitching-mament  coefficient for clia = 0 w f t h  

lift  coefficient is presented in figure 7 for the  tab-neutral  condition. 
For articulated-propeller  operation a large amount of stability  is 
inecated for a lift-coefficient range from 0.46 to 0.56 after  which 
neutral  stability  is  indicated  throu&out the remafning  lift-coefficient 
range.  With  rigid-propeller  operation, a large amount of stability  is 
indicated for only a very small, low-lift-coefficient  range  after  which 
the  stiok-free stability decreaees  with  increasing  lift  coefficient, 

Lo-tudinal  cantr~&.- The tude of the  ailavator  deflections - 

required fo r  trim shown in figure  indicate  that  the  all-movable  hori- 
zontal  tail is- sufficiently powerful to tr im the  airplane  throughout  the 
lift-coefficient  range fr& 0.50 to 1.80 for both  the  articulated- and 
the  rigid-propeller  operation. The variations shown are  stable  but 
a more  desirable  variation  is  given  with  rigid-propeller  operation. 
Considerably lees ailavator  deflection  is required for trim  for  rigid- 
propeller  operation aa capred with  articulated-propeller  operation, 
however, with the difference in the  high-lift-coefficient range amounting . 

to  about 140 which ie  about me-half the deflection  required-with 
articulated-propeller  operation. 

.. - 

A reversal in 
(ch&I ( masurea at cha = 0 to compare  with  the 

proxeuers-removed data of reference 1) from positive to negative  values 
is shown in figure 9 up to a lift coefficient of 0.60 for  articulated- and 
rfgid-propeller operation. A t  higher  lift  coefficients ( c ~ S >  a decreases 
negativ.ely  with  increabing  lift  coefficient  throughout the r q e  inveetigated. 
'The reversal in (Chs)a  at the  lower  lift  coefficients inucates that  there 

is an overbalance of the surface at  the low deflectiom.  This  reversal 

and a canparison 8hm that propeller operation  intensified  the reversa. 
' Was also noted for the mode l  with  propellers  removed  (see  reference 1) 

" 

. 

- .  - 

.. . 
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Contribution  of  the  tail to stability.- For convenience in the 
interpretation  of  the stability characteristics  of  the  airplane,  the 
increments in pitching-moment  coefficient  and  lift  coefficient  due  to 
propeller  operation  for  the  model  with  the  alllnovable  horizontal  tail 
removed  are  shown in figure 10. These  results  were  obtained from 
figure 18. Rlgid-propeller  operation  contributes  considerably m o r e  
destabilizing  effect  than  that ahown far  articulated-propeller  opera- 
tion  due to the  decreased normal force on the  articulated wopellere, 
as  noted  previously. 

The change in pitching-moment  coefficient  and lift coefficient 
due  to  propeller  operation for a conventional  airplane  with  the  tail 
r m v e d  may be  determined from considerations  of  the  direct  effect  of 
the  propeller  forces  and  of  the  slipstream  effect on the wing as 
described in reference 3 .  By uslng t h e  methods of reference 3, calcu- 
lations  of & arid bc were mads accordingly and are  presented 

in figure u) for camparisan  with  the  experimental  values.  Such a 
comparison  can  be  made only for  rigid-propeller  operating  conditions 
inasmuch  as  there  are no methods  available  for  predicting  the  force 
and  slipstream  characteristics of an articulated  propeller. The 
poor  agreement sham in figure 10 may be  attributed  largely  to  the 
effects on the  induced flow of  the unusual propeller  installation  at 
the wing tips of the  very  low-aspect-ratio whg. 

?P Lp 
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By canparing  the  results of the  tests of the mode l  with  the all- 
movable  horizontal  tail  installed  and  with  the  propeller&  removed  and  with 
the  propellers  operating  (see fig. l7>, the  increments of pitching-mment 
coefficient of the  wing and tail  due only to  the  effects  of  propeller 
operation  have  been  determFned  and are shorn in figure ll. The 
increments  of  tail  pitching-moment  coefficient  due  to  propeller 
operation are  amall.especially  for  articulated-propeller  operation. 

The  total  contribution of the  all-movable  horizontal  tail  to  the 
longitudinal  stability  of  the  airplane is  shown Fn figure I2 for  the 
propeller-removed.  and  propeller-operating  conditions. In general, 
both  the  articulated-  and  the  rigid-propeller  operation  caused an 
increment of negative  pitching-moment  coefficient  to  be  produced by 
the  tail. At the  higher  angles  of  attack,  the  increment in negative 
pitching-moment  coefficient  decreases  for  the  articulated-propeller 
operation  such  that  at an angle  of  attack  of 29’ the  value  is  the 
same aa that for  the  model  with  the  propellers  removed. The normal 
force on the  all-movable  horizontal.  tail is positive  throughout  the  angle- 
of-attack  range for the  propeller-removed as well as for the 
propeller-operating  conditions. 

By a comparison  of  the  pitchlng-moment  coefficients  of  the model 
with  the  all-movable  horizontal  tail  installed  and  removed, the effective 
downwash  angles  at  the ta! 1 were  computed  and  plotted in figure 13 
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against  angle of attack.-  The,effec€ive downwash angle is defined by 
the tail incidence f o r  which the contribution o f t h e  tail t o  t he  t o t a l  
pitching moment is zero.' AB shown in figure 13, the  effective downwash 
a t  the t a i i  is amall for both  articulated- and rigid'-propeller  operation. 
A stable  upwash a t . t h e  tail i a  shown for  articulated-propeller  operation 
which remaina essentially  constant with angle o f i t t a c k ;  whereas, for 
rigid-propeller  operation t h e - q l l  upwash at low angles of attack 
gradually changes t o  a downwash a t  the higher angles of atta'ck.. 

...-. .~ 
. -  

SJ .- 
- 

.. : - 

- 

Control-surface-effectiveness results.- The ailavator  effec- 
tiveness C was obtained from the results of figure 15 and is 

%a 
shown plotted  against l i f t  cogfficient iq  figure 14. The ailavator . . 

effectiveness,  for  articulated-propeller  operation,  lncreased from 
-0 .OOw per degree a t  CL = 0.48 to -0 . O O P  per  degree a t  CL = 1.84. 

" 

For rigid-propller  operation, however, the  ailavator  effectiveness 
was essentially  constant a t  a value of about -0.0057 per  degree through- 
out the l i f t -coeff ic ient  range. The data  Fnaicate,  therefore, that the. 
tail is  more favorably  located with respect  to  the  propeller  slipstream 
for articulated-propeller  operation than for  rigid-propeller  operation. 
The ailavator  effedivenese of the model with propellers removed but 
w i t h  enghe-air  ducts and canopy installe.d-(aee  reference 1) was about 
-0.0050 per degree  throughout the angle-of-attack  range  investigated. 
This value is offered  far comparison with  the  propellers-operating 
h t a  f o r  it is f e l t  that i n  this inetance the differences  -in model 
configuration-are  believed  to have l i t t l e  effect  on the control- 
surface  effectiveness. 

" 

Y 

The resultH of the s tabi l i ty-f lap te6t.s are  presented  in  figure 16 
and show the  variations with f lap  def lect ion o f -  h, CL, Ch 

and C For these tests the  ailavatore were set a t  the deflection 

required  for .trim a t  each angle of attack. The f l ap  effective- 
ness . (C-, Ef = 0') increase6 from a value of about -0.0025 per degree 

a t  an angle of attack of U . 3 O  t o  -0.,0032 a t  an  angle of attack of 23.1° 
and then  decreases t o  -0.0020 a t  an angle of a t tack of 29.0°. The f l ap  
effectiveness C with propellers removed for the same model 

configuration  increases f r p  -0.0020 per degree. at .  an angle .of a t tack 
of 11.30 t o  -0.0026 f o r  anglee of attack of 23.2O and 29.3' (reference .1) 
Propeller operation,  therefore,  has 8 small .effect  on the  f lap 
effectiveness. The stability  flap,  therefore, can be used a s  a 
trFnrming device for normal-flight  attitudes. 

f' 
. .  

ha 
-. . . 

I I -  -- 

"s, 

The f l a p  hinge-llloment variation ch measured a t  zero f lap 
Sf 

deflection  Increases f r o m  about -Qr0015 per degree a t  an  angle of attack 
of 11.3O t o  -0 .OO@ a t  an arigle of a t tack of 3 3  .lo and then  decreases 

. .  

- P 
,. " 
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t o  -0 -0042 a t  an  angle of at$ack of 29 .Oo f o r  the .model with propellers 
operating  (fig. 16). m e  value of C increases  rapidly tu a 

negative  direction with increasing  positive and: negative  flap  .deflections 
but shows a marked reduction i n  hinge moments wfth angle of a t tack   for  
positive  flap  deflections  greater  than  about 16O. Propeller  operation 
also has a small effect on the r a t e  of change of hinge-mament coefficient 
with flap  deflection ch  since  the m a x h m  propellers-removed  value 

hsf 

sf 
was -0.0032 per  degree a t  an angle of attack of 29.3O (reference 1) . 
As shown In figure 16, f lap  deflection  has no appreciable  effect on the 
ailavator hinge-moment coefficients  for  the  conditions  investigated- 

The effect  of f lap  deflection on the l i f t  coefficient is a m a l l  
with  the  propellers  operating, and t h i s  881218 effect  was also noted 
in  reference 1 with  propellers removed. A mxbnuru increase in l i f t  
coefficient of only  o .19 ( a t  a = 29 -o0) is measured f o r  ful l  positive 
flap  deflection with propellers  operating  (fig. 16) a s  compared w i t h  
a value of o .X? a t  a = u .3O w i t h  propellers removed (reference 1) . 

Effect of propeller  operation on l i f t  a t   normal - f l ia t   a t t i tudes"  
With propellers removed the model has a l o w  value of l if t-curye 
slope (0.032 per  degree a t  CL = 0.6) which is characterist ic of low- 
aepect-ratio wings. Full-power operation more than doubled the lift - 
curve slope  with  values of 0.068 and 0 -070 per  degree  being measured 
a t  cL = 0.6 f o r  art iculated- and f o r  rigid-propeller  operation, 

respectively.  (See  fig. 17.) The rapid  increase in lift due t o  
propeller operation at   the  higher  angles of attack-was  discussed  in 
reference 1 where calculations showed tha t  about  one-third t o  one- 
half of the total   increase in l i f t  due to  propeller  operation  results 
fram the lift component of the  propeller  resultant-  force. 

Longitudinal  Stability and Control in the Transition Range 

The airplane was designed for  possible  operation above the normal 
s t a l l  of the wing through the  transit ion range t o  t h e  hovering  attitude. 
AS pointed out prevfously, in this hi&-an@e-of-attack  regime it was 
anticipated  that  propeller  operation would be highly  destabilizing 
and, therefore,   that   the  longitudinal  stabil i ty and control would be 
c r i t i c a l .  It was also expected that  propeller  art iculation would make 
the problems of s t ab i l i t y  and control in the t ransi t ion range less  
d i f f icu l t  0 - 

Longitudinal  stability.- As an indication of the  longitudinal 
s t ab i l i t y  of the  airplane I n  the  transit ion range, curves showing 
the  variations of Cm with CL f o r  constant  ailavator  settings  are 

given in figure 19. The data f o r  figure 19 were obtained from the 
curves of figure 20.. The large l i f t  coefficients  for  the model 
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measured i n  the.  high-attitude t r w i t i o n  range  indicate that a greater p& 
-of the t o t a l  lift is being assmd by the  vertfcal  cmuponent of the .wopeller 
thrust. The variatiom of C, with  for f'ull-pawer rigid-propeuer .r 

operation  near  trim  indicate  that  the  airplane will be -table in the 
t ransi t ion range  investigated. The instabi l i ty  of the,  airplane w i t h  r igid-  
propeller  operation I s  due largely to  the  unatable  pitchinglnamsnt  contribution 
of this tspe of propellerr operation. The effect  of propeller  articulation' 
is t o  &crease m k e d l y  the  unstable  contribution of the  propeller5  hmever, 
the  decrease is excessive  with the result that the airplane cannot be trimmed 
for any of the  candi t im  invest igated.  Because no trim points are shown for 
the  airplane w i t h  articulated-propeller  operation, the var ia t ions of Cm 
w i t h  % do not neCeB8ar- indicate  the  longitudinal  stability  character- 
i s t i c s  of the airplane, at least  for  the  particular  configuration  investigated. 

of-attack  range up t o  about go for-rigid-propeller  operation. ? see figs. 19 
and 20. ) The ailavator  deflection  required  for trim increases from -26 080 
at u 410 t o  -32.80 a t  u w 460, then decreases to about 0' 
a t  CL RI 58O. These results indicate that at -angles of attack up to 4 6 O  

the large negative p i i x h ~ m m e n t s  associated  with the wing alone w i t h  
propellers removed (reference I) predominate over the positive  pitching 
moments-created by the propeller normal force. A t  an angle of attack 
of 580, however, these effects  counterbalance one another-with the 
result- that very l i t t l e  a i l a v a b r  deflection is regluir.ed f o r  trim. 
Increasing the angle of attack t o  690 resul ts  in 8 condition where the 
model cannot be trimmed with  rigid  propellers  operatlng due to  the V 

predominate effect  of the destabilizing  propeller normal force. 

. .   . -  

The air-plane  can be trimmed with ailavators  alone in the h i  

a t  trtm for  rigid-propeller  operation  Fncreases s l i g h t l y  *om a-value of 
about -0.0064 per  degree a t  an angle of attack .of 41° t o  -0.0074 per degree 
a t  an angle of attack of 460, then  decreases t o  -0.0040 per degree a t  an 
angle of attack of 90. . (See f ig .  20.) Although no trFm points  are 
indicated f o r  any of the other conditions  investigated,  the  ailavator 
effectiveness f o r  articulated-propeller  operation i s  much lower than  for 
rigid-propeller  operation. The variation of C with Sa is aleo 

larger f o r  rigid-propeller  operation  than f o r  articulated-propeller 
operation  except a t  an angle of attack of Bo- It is interesting t o  
note tha t   for  angles of attack of 410 and 4@ the  ailavator  effectiveness 
for rigid-propeller  operation is greater  than  that measured for the 
normal-flight  attitudes. 

ha 

I n  order t o  evaluate.the  longitudinal  control  CharacteristicB of 
the airplane f o r  the hovering at t i tude the ailavator  effectiveness 
was determined  with articulated-propeller  operation only, both fo r  the 

. .  
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. 
zero-forward-velocity  condition and fo r   a s  l o w  a forward-velocity 
condition as  could be obtalned in these tests which was about  23 miles 
per  hour. The resul ts   are  given in figure  21 f o r  an angle of attack 
of goo. Foy'the s t a t i c   t e s t  with the  ailavators ipmersed only in 
the  propeller  slipstream,  the  pitching moment increases  rapidly  with 
increasing  ailavator  deflection up to Ba = -16O 'af ter  which,  due t o  
ailavator  stalling,  the  pitching moments ramain essentially  constant. 
(See f i g -  21( a) .) No trFm p o h t  is indicated  foF  the  range of 
ailavator  deflection  investigated. The hlnge mmnts increase  slightly 
with ailavator  deflection up t o  -@ a f t e r  which a rapid  Increase 
occurs with increasing  deflection. With a forward  speed of 22.5 miles 
per hour and with  articulated-propeller  operation,  the  ailavator 
effectiveneas is essentially  zero throughout the  deflection  range. 
The associated hinge moments f o r  th i s   condi t ion   a t   the  high  deflections 
are  much lower than  those measured f o r  the zero-forward-velocity 
condition. The results Fndicate,  therefore, that only a very small 
portion, i f  any, of the  propeller  sl ipstream  gsses  &er  the tail when the 
airplane  possesses a forward speed of 22.5 miles per hour an& that the air- 
plane cannot be  trimmed. It ahould  be  emphasized here, however, that f o r  the 
model angle of attack  irrrrestigated,  the  forward  velocity of 22.5 miles  per 
hour i s  higher than would be expected f o r  a reasonable flight condition when 
comparison is made with  similar  helicopter flight at t i tudes.  It is 
f e l t ,  however, tha t  the data are indicative of the  trends  to be  expected 
a t  l o w  forward  speeds. 

The large  increase in l i f t  of the model  due t o  propeller  operation 
in the   s t a t i c  condition, which is es8entiaI.Q  the thrust of the 
propellers, is further  increased  about 10 percent by the  addition of 
the low forward  speed ( f ig .  21(b) ) It is significant t o  note t ha t  
t h i s  increase in thrust at constant power with forward  speed is very 
similar t o   t h a t  experienced by the  helicopter  rotor due to   t he  lower 
induced losses tha t  occur in the t ransi t ion from the  hovering t o  
forward flight. 

No data were obtained from the  simulated.deecent teste a t  angles 
of attack of 1W0, 165O, and 180° because of the dangerous oscil lations 
encountered, and it is f e l t  that this  oscil latory  condition may have 
been the  resul t  of the  interaction between the  propeller  slipstream 
and the  velocity of descent.  This  conclusion  appears t o  be 
substantiated,  in part a t   l e a s t ,  by the tests with  the  propellers 
removed in which there was no evidence of such oscil lations.  It should 
be pointed  out, however, that fo r  an actual flight condition,  the 
velocity of descent would be much smaller than  the  value  of.22 miles 
per hour at which the t e s t s  were made. 

Stability-flap  effectiveness.- Although it was found tha t  the 
s tabi l i ty   f7ap could be used a s  a t r m g  device a t   t h e  lower angles 
of attack, it was more important t o  investigate the flap  effectiveness 



in   the   t rans i t ion  range where large  negative  pitching moments were 
measured with articulated-propeller  operation. The variation8 
of Cm, CL, cha, and % with sa are given i n  figure 22 for  angles 

of attack of 41°, 46O, 58O, and eo with articulated  propellers  operating 

for  oonditions of CDR 0. 
For these tests the  ailavators were set - 

a t  the maximum deflection of -48' inasmuch as the  ailavator  effectiveness 
tests indicated  that- the model could not be trimmed with ailavators 
alone. However, with the   a i lava tors   se t   a t  -48O the   s tab i l i ty   f laps  
a lso could  not trim out a l l  of the  negative  pitching moment.  The f l ap  
effectiveness is essentiaUy  conetant  throughout the  deflection  range 
and c measured a t  8f = OO is -0.0026, -0.0020, -0.0013, and 

-0.OOl7 per degree for  angles of attaok of 41°, 460, so, and Bo, 
respectively. As campared with  the  flap  effectiveness  at  an  angle of 
attack of 29L0°, the  f lap  effectiveness is not  appreciably reduced a t  
the  higher  angles of attack. "he slope measurec~ at--- 6f = OO 

is essentially coILBtant a t  -O.OO7? per degree f o r   a l l  the conditions 
tes ted except- fo r  an angle of  at tack of a0* The slope  for an angl0 of 
a t tack of Bo increased .&raduaU.y wlth flap  deflection fram 24O t o  -bo 
w i t h  a value at  6f = .Oo- of -0.0103 per  degree. F . O ~  f a p  deflections 
fram -8O ta 16O a reversal  i n  slope-is shown. Apparently up t o  very 
hi&  attf tudels  the  stabil i ty  f laps,  when deflected, do not  influence 
the  flow  over the ailavators because the  ailavator hinge moments 
remained unchanged f o r  the s tabi l i ty-f lap tests. A t  the highest   at t i tude 
investigated (a Z 690) there is same interaction  interferenm shown by 
large  increases i n  the ailavator hinge moments  .when We . stabi l i ty-f lap . 
hinge moments reversed. 

f 

ms, 

Ch% 

SUMMARY OF R E m S  

The resu l t s  of an invee t ip t ion  of the s ta t ic   longi tudinal  
s t ab i l i t y  and control of a.convertible-type  airplane  as  affected 
by articulated- and by rigid-pr.opeller  operation showed the  following: 

(1) The destabil izing  effect  of propeller  operation was more 
pronounced for  r igid-propeller  owation  than  for  art iculated- 
propeller  operation  became of the  reduction -in propeller n o m 1   f o r c e  
and the incrament of positive  pi-tching w n t  due to   propel ler  
ar t iculat ion.  

(2) The airplane for  full-power  operationhas 8 pos i t ive   s ta t ic  
margin average  of  about 5 percent.  for  articulated-propeller  operation 
and about 3 percent f o r  rigid-propeller  operation over most of the lift- 
coefficient  range Cram .O.w (a = I.l. ,1O) to about 1.90 (a = 29=0°) - At a 

Y 

" 

8 
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lift coefficient of 1.93, however, there is no appreciable  difference 
in   the  s t ick-f ixed  s tabi l i ty  between the  two modes of propeller  operation. 

the 
f u u  

(3) The all-movable  horizontal tail is- suff ic ient ly  powerful t o  trim 
airplane  throughout  the  lift-coefficient r q s  (*am 0.50 t o  1.80) for 
.-power operation.  Considerably less ailavator  deflection is 

required  for-trim  for  r igid-propeller  operation with the  difference in 
the  high-lif t-coefficient range amounting to about 14O which is about 
one-half t h e  deflection  required w i t h  articulated-propeller  operation. 

(4) The slope of the ai lavator  hinge-mment c u e  against  deflection 
(for  full-power  operati.on) showed a reversal  from posit ive  to  negative 
values a t  low l i f t  coefficients and then  decreased  negatively,  gradually 
with increasing l i f t  coefficient. 

( 5 )  The ailavator  effectiveness,  for  articulated-propeller  operation 
a t  full parer,  increased *can -0.0050 per  degree at CL = 0.48 (a = ll. 3O) 
t o  -0-OW2 Per degree at C, = 1.84 (a = 29.0°) For rigid-propeller 

operation, however, the  ailavator  effectiveness w a s  essentially  constant 
a t  a value of -0-0057 per degree throughout the  l if t-coefficient  range as  
cmpared t o   t h e  propellers-removed  value of about -0,0050. 

( 6 )  Fa-power  operation  for  both  articulated- and rigid-propeller 
operation  increased  the slope of the l i f t  cume t o  abmt 0.068 
and 0.070 per  degree,  respectively,  as campared to  the  value of 
0.032 per  degree  obtained with propellers removed. 

(7) The airplane can be trimmed with the  ailavators  alone i n  
the hightngle-of-attack range up t o  60° for  rigid-propeller  operation. 
However, no trim  point i s  indicated for any of the conditions for 
articulated-propeller  operation. 

(8) The results of the ailmator-effectiveness tests show tha t   the  
ailavators have a high  degree  of  effectiveness for the  zero-velocity 
condition. For the  condition at an angle of attack of 900 with a 
forward velocity of 22.5 miles per hour, the  data inucate tha t  very 
l i t t l e ,  if any, of the  propeller  slipstream  passes over. t he   t a i l ;  
however, the forward  velocity is considerably larger than would be 
expected f o r  an actual  flight condition. 

(9) The s t ab i l f ty   f l ap  can be wed as a tr- device for   the  
normal-flight  attitudes; however, in the traneit ion range the 
effectiveness is insuff ic ient   for  tzimmfng. 

Langley Aeronautical  Laboratory 
National  Advisory Committee f o r  Aeronautics 

Langley U r  Force Ease, Va. 
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(c) h n t  view. 
Figure 2 .- Clmcludd. 
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CL 

Figure 4.- Variation of . a ,  and V/nD w i t h  CL for slmlated full- 
power operation at sea level. . .  
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Figure 6.- Effect of propdler  articulation on the stick-fixed longitudinal 
&abil i ty  of' the model for sfmulated ful i -mer  operation. fjf = O*. 
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Artlculatsd propellera 

C' 

Figure 8.- Effect of propeller  articulation OR the variation of ailavator 
deflection  required f o r  trim  with lift  coefficient for simulated full- 
power' operation. 6f = 0'. 

3 

Figure 9.- Effect of propeller  articulation on the.variation of ch 
6a 

with cL fo r  simulated -1-power operation. 6f = o0. 
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(a) Articulated  propellers. 

Total lnorement of ACntp 
"- Increment due to  propellers and w i n g  "- Increment due t o  power Bffecta OIL 

all-movable hori%ontal t a l l  

(b) Rigid propellers. I 

. .  " 

Figure 11.- lncremnts of pitchi-mnt coefficients due to propeller 
operation. Full-power  operation; sf = 0'. 
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-4 
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Articulated propellers - - - Rigid propellers 

Figure 13.- Effect of propeller articulation of the variation of Eeff 

with a for simulated fu l l -mer  operation. 6f = 00. 

.o/ 
Articulated propellers "- Rigid propellers 

Figure 14.- Effect of propeller articulation on the variation of 

with Q, for simulated f'ull--power operation. 6f = 0'. 
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(b) Rigid propellers. . 

Figure 15.- Concluded. 
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(a) Articulated propellere. 
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0 Artianlated propellera; V/nD, 0.40 
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Figure 20.- Effect o f  propeller art iculation on the variation of C ,  CLJ i 

and ch With 6, f o r  ConditiOIlB Of % = 0. $ = 11.50; Sf = 00. 
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(b) u 460. 

Figure 20.- Continued. 
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(c) a w go. 
Figure 20.- Continued. 
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(a) a x 69O. 
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(a) Variation of M and E w i t h  8,. 
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(b) Variation of lift w i t h  6a. 

Figure 21.- Concluded. 
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Figure 22.- Continued. 
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(a) a X 69'; - = 0.20. 

Figure 22.- Concluded. 
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